Objective: The aimed to describe the frozen elephant trunk (FET) technique and partial remodeling (PR) for acute type A aortic dissection (ATAAD), considering the long-term prognosis on the basis of our 13 years of experience. Methods: There were 80 consecutive patients (mean age: 66.4 years) with an FET and PR technique for ATAAD between September 1997 and February 2010. We indicated a PR for all 80 patients without dilatation of the sinuses and a FET for 20 patients with a distal entry in the descending aorta, 14 patients with a dilatation more than 4 cm on the distal arch and 46 patients with a narrow true lumen younger than 70 years with a narrow true lumen. During moderate hypothermic circulation with selective cerebral perfusion and distal perfusion from the femoral artery, a stent graft (mean diameter: 27.7 mm, mean length: 9.9 mm, mean distal depth: thoracic vertebra (Th) 6.0th) was inserted through the transected proximal aortic arch. The plication of the sinotubular junction (N = 42) or partial remodeling for right and/or non-coronary cusp (N = 38) was performed after total arch replacement with a fourbranched prosthesis. Results: Four patients died in hospital. Early morbidity included two (2.5%) strokes but no spinal cord injury. In long-term follow-up (mean 94.6 months), five patients died of non-aortic events and two re-operations (Bentall and stent grafting to the descending aorta) were required. No patients had patent false lumen on the stent graft and residual aortic regurgitation, according to late follow-up computed tomography (CT) and echogram. The 10-year survival was 75% and the overall 10-year re-operation free rate on the thoracic aorta was 95%. Conclusion: FETand modified PR techniques could be effective for improving the long-term outcome on the distal and proximal aorta in an ATAAD. Crown
Introduction
Surgical techniques for acute type A aortic dissection (ATAAD) have steadily improved over the past 30 years. 'Tearoriented surgery' for ATAAD has been widely recommended [1, 2] . However, the incidence of re-operation on the proximal and distal aorta remains high during long-term follow-up [1] [2] [3] . Therefore, there are still controversies concerning the appropriate approach. This study aimed to describe the frozen elephant trunk (FET) technique and partial remodeling for ATAAD considering the long-term prognosis on the basis of our 13 years of experience.
Patients and methods

Patients
The intra-operative use of stent grafts as FET for ATAAD was approved by the Ethic Committee at the Hiroshima City Asa General Hospital in 1997. The retrospective review of the records was approved by the institutional review board in 2010. Informed consent was obtained in each case.
We performed the FET technique on the downstream aorta and partial remodeling, including plication of the sinotubular junction (STJ) on the aortic root, in 80 patients (36 men; mean age, 66.8 years) for ATAAD between December 1997 and February 2010. The preoperative patient profiles are summarized in Table 1 . The period from symptom onset to surgery was 24 h in 61 patients, 7 days in 17 patients, and 14 days in two patients. There were 20 patients (25%) with aortic regurgitation of echographic grade more than III, 22 patients (28%) with stroke, seven patients (9%) with coronary ischemia, eight patients (10%) with visceral ischemia, and 10 patients (13%) with limb ischemia. All procedures were performed by three surgeons (H.I., N.U., and A.K.). We principally performed resection of the intimal tear, according to the tear-oriented surgery. The surgeon finally selected the FET technique on the basis of age and co-morbidities, chronic organ (brain/heart/lung/liver/kidney) failure, poor activities of daily living, or diagnosis of cancer. We did not perform the FET technique in patients after cardiopulmonary resuscitation, with deep coma, or with the occlusion of left main trunk. The FET technique was indicated for 20 patients with distal entry in the descending aorta, for 14 patients with a dilatation of >4 cm on the distal arch, and 46 patients >70 years old with a narrow true lumen (DeBakey type I ATAAD). Partial remodeling instead of root remodeling or root replacement was performed, when the surgeons recognized no dilatation (>35 mm) on the sinuses of Valsalva. During this series, three cases with a dilatation of >35 mm were excluded from this study because complete replacement of the aortic root was performed.
Operative procedures
Transesophageal echography (TEE) was used in all the procedures to predict malperfusion and assess FET procedure. Right axillary arterial perfusion was performed to anastomose the prosthesis in 21 patients for right cerebral malperfusion. Double venous cannulation was performed. Cardiopulmonary bypass was started with general cooling to reach a rectal temperature of 28 8C. Four cases required additional cannulation via the left-ventricular apex (Medtronic One piece 20-Fr cannula) because of distal malperfusion. When it was confirmed that the rectal temperature had decreased to 30 8C, the left common carotid artery and left subclavian artery were transected and perfused at a rate of 200 ml min À1 each. When the rectal temperature had reached 28 8C, a brief circulatory arrest and retrograde cardioplegia were performed, and the aortic arch was incised longitudinally until immediately before the origin of the left subclavian artery. Perfusion to the brachiocephalic artery was done through the right axillary artery or direct cannulation of an inflatable cannula, at a rate of 400 ml min À1 . A ball-shaped sizer was inserted into the descending thoracic aorta to verify the diameter and length of the stent graft. A self-expanding Z-shaped stent with a 5-cm tip on the distal side was attached to a prosthesis of polyester fabric (UBE graft; UBE Industries Ltd., Tokyo, Japan) with a diameter between 24 and 37.5 mm by using 5/0 polypropylene sutures. These stent grafts were prepared preoperatively. Subsequently, the stent graft was placed in a 30-F introducer sheath. The graft was positioned up to above the aortic valve level, usually between the 7th and 8th thoracic vertebrae (Th). The distal landing zone was usually higher than Th 7. We confirmed the position of the stent graft with real-time TEE guidance. The mean diameter and length of the graft were 27.7 mm and 9.9 cm, respectively. The graft was distally positioned on Th 6 in 62 (78%) cases. The graft was brought to the level of the distal aortic section. Distal perfusion at a flow rate of 500-1000 ml min À1 was started from the femoral artery after positioning an occlusion balloon on the distal site of the graft through the trimmed stent graft. The adventitia of the aortic stump was covered with a felt strip, and the stump was reinforced with continuous 4/0 polypropylene sutures. A four-branched graft was anastomosed end-to-end to the stump of the distal aortic arch with continuous 3/0 polypropylene sutures. Antegrade systemic perfusion from the four-branched graft and rewarming were started. The mean open distal anastomosis time was 36 min. A four-branched graft with a diameter 1-2 mm smaller than the direct measurement of the STJ was selected with consideration of plication on the STJ. The air and thrombosis of the false lumen on the downstream aorta were flushed out to the operative field by distal perfusion from the femoral artery before rewarming during systemic perfusion, through a new cannulation inserted directly into the four-branched graft. The left subclavian artery and the left common carotid artery were anastomosed to a respective branch of the prosthesis using the four-branched graft. The brachiocephalic artery was reconstructed before proximal anastomosis in cases of direct cannulation or after proximal anastomosis in cases of right-axillary perfusion. Concerning the proximal anastomosis, we performed graft fixation beneath the STJ line in 42 patients without dissection evidently involving the sinuses of Valsalva. A straight graft of 4-5 cm partly inserted into the STJ was fixed to each of the three commissures that were suspended using a 4/0 polypropylene with a felt strip. Subsequently, the tube graft was anastomosed to the STJ line by using 4/0 horizontal mattress sutures (Fig. 1) . We usually performed 24-28 'U' stitches for STJ anastomosis. However, we did not use any glue on the proximal site, except for the former 10 cases, where the gelatin-resorcinol-formaldehyde (GRF) glue was used. Finally, two grafts were anastomosed end-to-end with a 4/0 running suture. We performed partial remodeling of the sinuses of Valsalva in 38 patients for intensive dissection into the sinuses. The coronary sinus remodeling was performed in 32 patients by using a tube graft trimmed as a 'U' shape, and non-and right coronary sinuses remodeling was performed in 6 patients by using twin 'U' shapes (Fig. 2) . A right coronary bypass using the saphenous vein graft was performed in 12 cases included six patients of right coronary sinus remodeling. The graft diameter for partial remodeling was 26 mm in 62 cases (78%) and 28 mm in 15 cases (19%). We did not clamp any native aorta during any procedure. The mean heart ischemic time was 101 min. The mean surgical time, cardiopulmonary time, and selective cerebral perfusion time were 361, 178, and 78 min, respectively ( Table 2 ).
Patient follow-up
A follow-up with computed tomography (CT) imaging was obtained 1 and 6 months after the operation and yearly thereafter. A follow-up CT image was available for 97% (70/ 72) of patients who survived longer than 6 months. A followup cardiac echogram was performed before discharge. After discharge, a cardiac echogram was not routinely performed, but all patients were followed up at our outpatient clinic, where the follow-up clinical status was obtained from medical records. Follow-up was 100% complete, averaging 74.3 months (maximal follow-up time, 151 months; 43 patients remained at risk at 5 years).
Statistical analysis
All data were reviewed retrospectively. Continuous data were expressed as mean (standard deviation). Categorical data were expressed as counts and proportions. Survival and freedom from re-operation were estimated by the KaplanMeier method.
Results
Early results
Operative mortality within 30 days was 2.5% (two patients) because of low-output syndrome and bleeding. In addition, two other in-hospital deaths occurred from graft infection. Perioperative morbidity included strokes in two (2.5%) cases, spinal cord injury in 0 cases, transient renal failure in three (3.8%; permanent, 0) cases, re-exploration for bleeding in four (5%) cases, mediastinitis in two (2.5%) cases, and respiratory failure in six (7.5%) cases. According to the echographic assessment before discharge, there were 61 cases of grade 0 and 15 cases of grade I aortic regurgitation; however, no cases of aortic regurgitation of grade II or more were noted (Table 3) .
Late results
During 94.6 months of follow-up (mean), there were five non-aortic deaths, including one from heart failure due to hypertrophic cardiomyopathy, one from major stroke due to embolism, one from multiple organ failure due to renal failure, and two from cancer (lung and kidney). We performed seven additional aortic operations, that is, one Bentall operation because of a false aneurysm 40 months after surgery, one repair using an endovascular stent graft for residual tear on the descending aorta 19 months after operation, one replacement for a residual aortic dilatation on the descending aorta 28 months after operation, and four abdominal aortic replacements for infrarenal arteriosclerotic aneurysms that were already recognized at the Fig. 1 . Sinotubular junction anastomosis. A straight graft inserted into the STJ was fixed to each of the three commissures that were suspended with a felt strip. Subsequently, the tube graft was anastomosed to the STJ line. Fig. 2 . Partial remodeling on non-and right coronary sinuses. A straight tube graft was trimmed as twin 'U' shapes for non-and right coronary sinuses remodeling. initial operation. The yearly follow-up with CT imaging indicated thrombosis of the false lumen on the stent graft in all cases. Shrinkage or obliteration of the false lumen was recognized in 64 of 70 patients (91%). The mean (SD) root diameter was 36 (4) mm and was >40 mm in two patients (42 and 46 mm). According to the follow-up cardiac echogram in 64 of 70 patients (91%) at our outpatient clinic, no patient had grade III or higher aortic regurgitation. No abnormal cardiac echographic findings were noted in the six other patients, who had New York Heart Association (NYHA) grade I or II symptoms ( Table 3 ). The 10-year survival rate was 75%, and the overall 10-year re-operation free rate on the thoracic aorta was 95%.
Discussion
ATAAD is a life-threatening disease. However, early operative outcomes of ATAAD have recently improved because of the advancement of various devices, such as arterial cannulation, monitoring, or a prosthesis [4, 5] . In addition, operative strategies have steadily improved in spite of nighttime operations. However, the incidence of reoperation on the proximal and distal aorta remains high during long-term follow-up. Therefore, there are still controversies concerning the appropriate approach.
Partial remodeling on the proximal aorta
The reimplantation-aortic-valve-sparing technique has been proposed as an alternative to the repair of aortic dissections based on the principle of total resection of the aortic root [6] [7] [8] [9] . However, as dilatation of the aortic root is very often absent, total aortic root replacement, regardless of valve preservation, is difficult to justify because of a potentially higher surgical risk for ATAAD in the middle of the night; therefore, root replacement is not always performed [7] . A Japanese database presented the annual number of each operative procedure on the proximal part of the aorta for ATAAD. According to that report, only 231 of 3016 patients (8%) received aortic root reconstruction in 2007 [10] . The decision to replace only the dissected sinuses and to avoid either a complete root replacement or root remodeling/reimplantation procedure reduces operative complexity, which is an important factor in life-threatening ATAAD situations. In addition, the need for proximal reoperation is related to both patient pathology as well as operative technique [7] . The technique of continuous sutures on the supra STJ line induces a new intimal tear by suture cutting. Niederhäuser et al. [11] reported that GRF glue reconstruction resulted in an increased freedom from re-operation on the aortic root compared with suture resuspension (92% vs 70%). However, the use of GRF glue has been incriminated in a higher incidence of false aneurysms or redissection, particularly in the proximal part of the aorta [12] . Proximal redissection increases the risk of late aortic insufficiency, late dilatation of the sinuses of Valsalva, and late ostial coronary stenosis. On the basis of these data, we performed modified partial remodeling in the absence of root dilatation >35 mm with consideration of the patient's pathologies, STJ anastomosis with plication without dissection evidently involving the sinuses of Valsalva, or partial remodeling with dissection evidently involving the sinuses of Valsalva. We performed partial remodeling in three Marfan patients who were not able to be diagnosed in emergent triage. The David procedure has better long-term results in Marfan patients.
FET on the distal aorta
The patent false lumen in the downstream aorta has an impact on morbidity and mortality. It has been reported that the distal false lumen remains patent in 50-70% of patients after ascending aortic replacement and in 15-30% of patients after aortic arch replacement [13, 14] . The aim of the FET technique is to exclude all antegrade blood flow in the false lumen of the thoracic aorta, thus decreasing pressure and allowing thrombosis of the false channel to restore blood flow in the aorta and its side branches [15] [16] [17] [18] [19] [20] [21] . We believe that a frozen elephant trunk can improve long-term prognosis on the distal aorta after operation for ATAAD. Indications for the distal stented graft using the frozen elephant trunk technique are controversially discussed. An entry closure using a stented graft in retrograde ATAAD with primary entry on the descending aorta is a good indication. In addition, we indicated relative young patients less than 70 years old and dilatation on the distal arch more than 4 cm because of high incidence of re-operation. The E-Vita stent grafts are made in Germany (Jotec GmbH, Hechingen) and commercially available for FET [19] . Unfortunately, there are no commercially available stent grafts in Japan. Therefore, we use handmade stent grafts.
Translocated total arch replacement by using fourbranched graft
Concerning the approach to the arch aorta for ATAAD, there are still controversies regarding whether a total or hemiarch replacement should be done on the arch isthmus, and whether the three neck vessels should each be reconstructed using a four-branched graft, or island suture of the three neck vessels as a total arch replacement should be performed [2, 17, 19, 20, [22] [23] [24] . Many institutions in the USA and Europe prefer arch replacement with island reconstruction of the aortic arch [17, 20, 23] . However, many institutions in Asia prefer total arch replacement with reconstruction of each of the three neck vessels using a fourbranched graft [19, 22, 24] because of unclear reasons such as habitual experience. However, the island technique with anastomosis distally to the left subclavian artery as an arch reconstruction has the risk of bleeding at the site of anastomosis and redissection on the remnant aorta of the aortic arch. On the other hand, we believe that translocated total arch replacement with the proximal stump on the left subclavian artery achieves good hemostasis and complete resection of the aortic arch. Therefore, we routinely performed translocated total arch replacement by using four-branched grafts for patients with distally inserted FET in spite of the non-Marfan syndrome. In addition, selective cerebral perfusion (SCP) has been reported to make arch reconstruction of the three neck vessels easy and safe [24] . Recently, the minimum rectal temperature has been kept around 28 8C (moderate hypothermia) with SCP for arch replacement [25] . Open distal anastomosis with moderate hypothermia has a risk of spinal cord injury, especially a higher incidence of spinal cord injury concerning distal arch replacement using FET [21] . Therefore, we performed distal perfusion from the femoral artery while positioning an occlusion balloon in the stent graft. The rate of distal perfusion was 300-1000 ml min À1 (usually 500 ml), which is not sufficient to perfuse distal organs. However, backbleeding from the open distal aorta was controlled by using an occlusion balloon to maintain blood supply to the spinal cord by preventing the steel phenomenon. We performed selective perfusion of the three neck arteries and the femoral artery using four individual pumps (one main pump and three sub pumps). Individual pumps provide adequate perfusion with monitoring of flow and pressure.
Limitations of this study
This was a non-randomized retrospective study. The operative approach for distal aorta, that is, FET and partial remodeling was finally decided by the surgeon on the basis of the patient's age, preoperative co-morbidities, and intraoperative pathologies. A prospective and randomized study would be required to evaluate the precise advantage for ATAAD.
Conclusions
FETand partial remodeling, including plication on the STJ, are effective for improving the long-term outcome in patients who undergo surgery on the distal and proximal aorta.
